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I.  INTRODUCTION. 

When  a  railroad  crosses  a  navigable  stream, it  is  only  in  ex- 
ceptional cases  where  the  grades  can  be  30  separated  a3  to  admit  of 
uninterrupted  traffic.      When  an  uninterrupted  roadv/ay  is  not  possi- 
ble, the  movable  bridge  is  the  best  means  of  securing  a  crossing ► 

The  different  types  of  movable  bridges  have  gone  through  var-j 
ious  stages  of  development,  and  have  now  been  brought  to  what  may  be 
called  well  defined  standards.      There  are  four  distinct  standard 
types,  each  characterized  by  one  of  the  four  methods  of  operation.. 
They  are:: 

1.  The  Rolling  Draw  —  horizontal  translation 

2.  The  Direct  Lift  —    vertical  lift 
3..  The  Bascule  —  vertical  rotation 

The  Swing  —  horizontal  rotation 

Of  these  types  the  swing  bridge  is  one  of  the  most  highly 
developed    and  most  widely  used.      It  is  a  well  balanced,  simple 
structure,  requires  no  counter -weights  in  swinging,  and  the  operat- 
ing machinery  i3  simple.      The  principle,  and  great  objection  to  it, 
is  the  obstruction  of  traffic  by  the  centre  pier. 

In  any  particular  case  a  thorough  understanding  of  the 
problem  at  hand  is  necessary  in  order  to  select  that  particular 
type  best  suited  to  the  existing  conditions..      Since  here  there  is 
not  a  particular  case  at  hand,  any  particular  type  may  be  chosen  for 
design..     The  swing  type  of  bridge  is  taken  since  it  is  a  type 
largely  used- 

The  purpose  of  the  writer  of  this  thesis  is  not  to  pre- 
sent a  complete  detailed  design,  but  to  present  the  subject  in  such 
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a  manner  that  the  various  conditions  for  the  determination  of  the 
stresses,  and  the  class  and  amount  of  deflections,  and  the  propor- 
tion of  the  operating  machinery  may  be  studied. 

It  wa3  thought  that  this  could  be3t  be  accomplished  by  an 
example  in  design;  and  in  the  following  pages  an  example  is  given. 

II.     TYPE  OF  STRUCTURE* 

The  most  common  types  of  swing  bridges  may  be  divided  into 
three  classes: 

1.  Two  span  continuous, 

2..  Three  span  continuous,  and 

3.  Three  span  partially  continuous. 

The  first  cia33  is  limited  to  3hort  spans,  and  i3  now  be- 
ing rapidly  replaced  by  the  bascule  type.. 

The  heavy  bracing  necessary  in  the  pier  panel  of  the  second 
class  is  the  principal  objection  to  this  type.      If  this  bracing  is 
only  heavy  enough  to  stiffen  the  bridge  against  wind  or  unequal 
stresses  brought  on  the  truss,  it  i3  considered  as  partially  contin- 
uous..     This  is  the  class  most  in  common  use..      It  consists  of  two 
separate  trusses  joined  over  the  center  pier  by  a  short  panel* 

Practice  shows  such  a  wide  variation  in  this  type  of  truss 
that  the  final  choice  appears  to  be  influenced  by  the  personal  de- 
sires of  the  designer  more  than  any  other  factor..      The  essential 
factors  governing  his  choice  must  be:,  adaptability,  economy,  and  ar- 
tistic outline.      Local  conditions  will  determine  the  first*  The 
second  and  third  are  easily  combined  by  making  the  trus3  deeper  at 
the  center  panel,  this  giving  both  economy  and  artistic  outline. 
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In  determining  the  class  of  web  bracing,  the  engineer  is 
again  dependent  upon  his  judgment.      A  combination  of  the  Howe  and 
Baltimore,  or  of  the  Pratt  and  Baltimore  types  have  been  success- 
fully used  by  the  best  engineers. 

The  type  chosen  for  this  thesis  is  a  combination  of  the 
Howe  and  Baltimore  types.      This  is  the  type  used  by  the  Chicago< 
and  Western  Indiana  Railroad,  by  the  Chicago  Madi3on  and  Northern 
Railroad,  and  the  Chicago  and  Calumet  Terminal  Railway,  all  over 
the  Chicago  Drainage  Canal. 

III.     GENERAL  DIMENSIONS. 

The  dimensions  of  the  truss  are  not  altogether  matters 
of  arbitrary  choice. 

The  span  is  fixed  almost  definitely  by  the  width  of 
the  channel  and  the  best  location  of  piers  and  abutments..      It  is 
desirable  but  not  necessary  to  have  the  end  spana  of  equal  length. 

The  width  is  fixed  by  the  width  of  the  track  in  addi- 
tion to  the  desired  side  clearance.      It  is  commonly  stated  as  from 
seven  to  eight  feet  measured  from  the  centre  of  track  to  the  nearest 
part  of  the  trus3.      Cooper  gives  seven  feet  as  the  minimum..  Seven 
feet  measured  from  centre  of  track  to  the  nearest  point  of  the 
truss,  with  a  twenty-four  inch  plate  on  the  end  po3t,  gives  sixteen 
feet  centre  to  centre  of  trusses..      Table  II  shows  this  to  be  the 
width  used  in  most  existing  structures* 

The  height  of  the  truss  at  the  end  is  determined  by 
the  necessary  clearance,  the  depth  of  the  floor  system,  and  the  nec- 
essary allowance  for  portal  bracing..     Usually  twenty-eight  to  thir- 

I  » 


ty  feet  nave  been  sufficient  for  U3e  in  swing  bridges.      A3  seen 
from  Table  I  thirty  feet  is  most  commonly  used  and  nas  proved  to  be 
economical* 

Having  the  end  depth  fixed,  the  depth  at  the  centre  should 
be  so  chosen  as  to  give  the  best  proportion  of  cord  sections,  and 
at  the  same  time  the  appearance  should  be  considered.      With  thirty 
feet  as  an  end  depth,  fifty  feet  at  the  centre  has  been  extensively 
used  for  spans  from  three  hundred  to  four  hundred  feet,  see  Table  I. 

Opinions  vary  as  to  the  be3t  length  of  panels.      Short  pan- 
els are  undesirable  in  swing  bridges  since  the  long  panel  gives  a 
smaller  number  of  pieces,  hence  a  smaller  number  of  joints    and  a 
greater  weight  of  each  piece  which  will  better  resist  impact  of 
trains.      The  principal  objection  to  tne  long  panel  is  the  diffi- 
culty in  assembling  large  members* 

Consider  the  following  possible  divi3ion3  of  a  175-foot 

span: 

5  panels,  35  feet  0  inches  each 

29  M       £  "  " 

25  "  0  "  M 
21       M     10£     ■  " 

19      "    5  l/3  inches  each 

An  odd  number  is  desired  in  order  to  prevent  a  floor  beam 
from  coming  at  the  centre  of  the  truss.      A  panel  length  of  35  feet 
is  not  advisable  because  thi3  would  maXe  the  floor  system  too  heavy, 
and  since  we  have  shown  the  objections  to  small  panels,  19  feet  5  1/5 
inches  is  objectionable;  and  since  we  wish  an  odd  number  we  can  eas- 
ily come  to  the  conclusion  that  seven  panels, 25  feet  0  inch  is  the 


6 
7 
8 
9 
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best  division..      Table  I  shows  tJiis  to  be  common  in  practice- 
The  width  of  the  centre  panel  is  made  the  3ame  as  the 

width  centre  to  centre  of  trusses  since  enough  drum  bearing  is  thus 

secured.      This  is  common  practice  in  single  track  bridges. 

Tables  I  and  II  give  data  on  existing  swing  bridges ►  This 

data  ha3  been  collected  for  a  guide  a3  well  a3  a  criterion  for  the 

design  at  hand* 


TABLE  I. 

Data  from  Existing  Railway  Swing  Bridges. 


:  Class 

: Length' 

:Width 

:Depth  of  Truss 

:  Panels 

:    Width  of 

:  of 

:     in  : 

.  in 

:      in  feet 

:lio... 

: Length 

:  centre 

:  Bridge 

:  feet 

:  feet- 

.  End 

: Centre 

:  feet 

:  panel 

:S ingle  Track 

:  397 

I  17 

;  28 

:  ^9 

!  7  : 

27 

16 

:Pour  Tracks 

:  331*  : 

30 

:  32 

!  56 

j  7 

:  22 

:  2h 

Double  Track. 

:  465  : 

:  30 

:  30 

50 

j  9 

:  25 

:  IS 

H  ii 

.  312  : 

30  ; 

30 

:     50  ; 

7  : 

:  21 

:  IS 

H  it 

:  368  . 

:    30  : 

30 

56  : 

:  7 

:    25  . 

:  18 

'  323 

:    30  : 

30 

!      50  : 

;  7 

22 

:  IS 

ii  ii 

:  W  : 

30  : 

.  30 

:  70 

:  9 

:    25  : 

:  18 
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TABLE  II. 

Data  from  Existing  Single  Trade  Swing  Bridges.. 


:  Length 
:  in 
;  feet 

::  Width 

:         in  ; 

:  feet 

:  weight  per 
:  Linear  Foot 
:        Lbs » 

>  Operating  : 
;  Power 

::  287 

!          17  : 

:  1,240 

:     Hand  : 

:  300 

:  17 

:      1,670  ; 

12  h.  P.  : 

290 

:  16 

:  1,610 

:    12  H.  P. 

356 

16 

E     1,920  i 

::    15  h.  P.  : 

362 

16  : 

:      1,890  ; 

20  H.  P.  : 

340 

16 

:      2 ,  400  ; 

30  H.  P. 

366  : 

16  : 

2,000  : 

Fig.  I  shows  an  outline  of  the  truss  to  be  designed, 
together  with  the  notations  to  be  used  in  further  reference  to 
truss  members.. 


IV.  LOADS. 

Table  II  shows  weights  of  existing  single  track  draw  3pans. 
The  mean  of  the  seven  weights  given  i3  1,820  pounds  per  linear  foot. 
Only  one  of  which  is  over  2,000  pounds  per  linear  foot. 

An  approximate  rule  for  the  weight  of  draw  spans  is  given 
by  Wright  in  his  booK,  "The  Design  of  Draw  Spans"..     It  is: 

w  =  6  1  +  350 
where  1  =  length  of  span  in  feet,  and 

w  =  weight  of  bridge  per  linear  foot  of  3pan 
in  pounds ► 

Substituting  in  the  above  formula  values  for  the  bridge  un- 
der  consideration  we  have: 

w  =  6  x  366  +  350 
=  2,5i+6  pounds.. 

This  value  is  high  as  compared  with  data  from  existing  bridges. 
For  the  design  at  hand  the  writer  considers  a  dead  load  of  2,000 
pounds  per  linear  foot  to  be  a  safe  assumption. 

For  the  trusses  and  loading  girders  of  swing  3pans  it  is 
usually  customary  to  reduce  the  wheel  loads  to  equivalent  uniform 
loads  per  linear  foot,  because  of  the  great  amount  of  labor  in  com- 
puting the  stresses  for  wheel  concentrations. 

Different  engineers  have  purposed  compromise  standard  sys- 
terns  for  uniform  loadings.      Those  by  Theodore  Cooper  have  been  ac- 
cepted in  many  engineering  offices..      Cooper's  standard  train  load- 
ing, class  E  50,  provides  for  two  engines  of  355,000  pound3  each 
including  the  tender.      Some  of  our  be3t  bridge  engineers  agree  on 
the  opinion  that  bridges  properly  designed  for  this  loading  will 
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carry  with  perfect  safety  a  load  fully  50  per  cent  heavier  than 
provided  for.      This  means  that  the  engine  can  approach  a  total  of 
275  tons;  and  quoting  from  Cooper,  "Maintenance  of  way  conditions, 
weights  on  axles  and  car  wheels,  and  existing  clearances,  all  indi- 
cate that  we  are  at,  or  close  to,  the  maximum  train  loading"- 

Cooper  in  his  bridge  specifications  gives  values  for  uni- 
form loadings  equivalent  to  his  standard  train  loadings.  For  the 
Class  E  50  the  uniform  loadings  given  are:: 

6,^00  pounds  per  linear  foot  for  maximum  moments,  and 

6,900       "        "         "         "      ■         "        end  3hears  and  reac- 
tions. 

These  values  for  uniform  loadings  will  be  used  in  this  design. 

V.     DETERMINATION  OP  REACTIONS.. 

Much  discussion  ha3  taKen  place  among  engineers  as  to  the 
accuracy  of  the  ordinary  formulas  for  reactions  for  swing  bridges- 
Professor  P.  E.  Turneaure  wrote  an  article  for  the  Engineering  News 
of  December  3,  1896,  entitled  "The  Accuracy  of  the  Ordinary  Formu- 
Ia3  for  Swing  Bridges"..     w.  White  in  a  paper  before  the  Engineer- 
ing Society  of  Western  Pennsylvania,  published  in  the  Proceedings 
of  that  society  in  Vol.  XVI,  p.  31— 5M-,  gives  comparative  computa- 
tions by  different  formulas  and  by  exact  computation.      The  Engi- 
neering News,  November  3,  1899,  published  results  of  experimental 
determination  of  reactions  for  swing  bridges  carried  on  at  Rose  Pol- 
ytechnic Institution.      Neither  of  the  three  writers  mentioned 
found  values  to  vary  over  3  to  1  per  cent. 

In  this  design,  equations  for  reactions  as  deduced  by  Mer- 
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riman  by  principle  of  least  work,  and  given  in  Merriman  and  Jacoby's 
"Roofs  and  Bridges",  Vol.  IV,  p.  51,  are  U3ed.      These  equations 
are: 


Rl 
R2 

R* 


=  P  (1  -  K)  - 


k  +  6n 


(K  -  k3) 


(K  -  K3) 


When  P 
n 


1+  +  6n 
The  load  at  a  point 


=  The  ratio  of  the  length  of  the  centre  to  the  end 
span ,  and 

K    =5  The  ratio  of  the  distance  of  the  load  P  from  the 
end  of  the  span,  to  the  length  of  the  span- 
In  the  bridge  to  be  designed, 
n  -_- 

=  0.091 

and  values  of  K  for  loads  at  the  different  panel  point3  are: 
Load  at        L\         L2         L3  L5 
K  equal    0.143    0.285    0J+28    0.571    O.715  0.858 

Using  a  unit  load  P  equal  to  1  Kip     ( 1,0  00  pounds)  and  substituting 

in  the  above  formulae  the  following  values  for  the  reactions  are 

obtained: 

TABLE  III. 
Reactions  for  Load  of  1  Kip. 


Load  at :  Ll 

:  L2.  ; 

:  L3  : 

:  H 

:     L5  ; 

L6  ; 

R  j 

%  :  +0.826: 
R2  :  +0.17»+ 
R5  :  +0.031' 
RiJ      :  -0.031 

•  +0.658: 
+0.3^2 
:  +0.057' 
:  -0.057 

+0J195: 
+0.505 
+0.077 

:  -0.077' 

+  0.656 
+0.085 
:  -0.085 

+0.208  : 
:  +0.792 

+O.077  : 
:  -0.077 

+0.092  : 
+O.9O8 
.  +O.050  : 
:  -O.050 

+2.623  : 
:  +3-377  : 
:  +0.377  : 
:  -0.377  : 
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VI.     CALCULATION  OP  STRESSES. 


Art.  1.  The  Main  Truss. 


The  different  methods  of  loading  the  bridge  to  give  dif- 
ferent conditions  of  stresses  are  commonly  expressed  in  five  cases. 
They  are: 

Case  dead  load  bridge  swinging, 

Case    II,  dead  load  bridge  continuous, 
Case  III,  full  line  load  bridge  continuous, 
Case    IV,  each  arm  a3  simple  span  for  line  load,  and 
Case     V,  line  load  on  one  arm,  approaching  on  other. 
Case  I.    The  dead  load  of  25  Kips  will  be  considered  as  di- 
vided between  the  upper  and  lower  chords,  three  fourths  on  the  low- 
er chord  and  one  fourth  on  the  upper  chord..      The  truss  is  then  in 
the  condition  as  shown  in  Fig.  2  . 


Pig.   2  .  . 
The  load  on  the  lower  panel  point  is  f  x  25  =  18. 75  Kips. 
For  convenience  of  computation  this  will  be  increased  to  19  Kips. 
The  load  on  the  upper  panel  point  is  j  x  25  =  6.25;,  which  will  be 
decreased  to  6  Kips.      The  load  at  L0  is  approximately  -J  of  19  or 
9.5  Kips. 

Rg  ,  -  R3  =  J  (12  x  25)  +  9.3 

-  159.5  KiP3.  
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The  stresses  due  to  the  dead  load  are  computed  algebrai- 
cally by  the  usual  methods  of  analysis.      For  example,  the  equation 
of  moments  for  the  upper  chord  section  Ui  U2  is: 
-9.5  x  25  +  Ux  U2  x  29.7  =  0 
Prom  which  Ux  U2  =      -8.0  kips. 
For  the  diagonal  Li  U2,the  equation  of  moments  is: 
9.5  X  200  +  25  x  225  -  Li  U2  X  ISO  =  0 
From  which  Li  U2  =  -^l.S  kips. 
For  the  lower  chord  Li  L2,the  equation  of  moments  is: 
-9.5  x  50  -  25  x  25  +  Li  Lg  x  33.3  =  0 
From  which  Li  L2  =  +33.1  kips. 
For  the  vertical  Ux  Llrrthe  equation  of  moments  is: 
9.5  x  200  +  6  x  225  -  Ui  Li  x  225  =  0 
From  which  Ui  Li  =  +1H.5  kips. 

Case  II.    The  load  distribution  is  the  same  as  for  Case  I. 
The  truss  i3  then  in  the  condition  as  shown  in  Fig.  3. 

The  loads  at  each  of  the  upper  panel  points  is  6  kip3,  at 
the  lower  panel  points  19  kips- 


Fig;..  3. 

The  reactions  are  found  by  the  help  of  Table  III  to  be: 

Hi  -  %  a  (+2.623  -  0.377)25 

=  +56.13  kips 


13. 


r2  =  r3  =  (+3.377  +  0.377)25 
=  +93. S3  Kips 

The  method  of  analysis  is  the  same  as  that  used  for  Case  I. 
Case  III.      The  live  load  for  general  calculations  will  be 
taken  as  6,500  pounds  per  linear  foot  of  bridge,  or  3,250  pounds 
per  linear  foot  per  truss.      This  gives  a  panel  load  of  3,250  x  25 
or  SI. 25  Kips.      This  will  be  considered  as  concentrated  at  the  low- 
er panel  points.      The  truss  is  then  in  the  condition  as  shown  in 
Fig.  +  . 


Pig.  *U 

The  reactions  are  found  by  the  help  of  Table  III  to  be: 
rx  ~  Rl|  =  (+2.623  -  0.377)31.25 
=  +182. 2  kips 

R2  =  R3  =  (+3.377  +■  0.377)S1.25 
=  +305.0  Kips 

The  method  of  analysis  is  the  same  as  that  U3ed  in  Case  I. 
Case  IV.      The  live  load  is  considered  to  be  the  same  as 
in  Case  III.      The  truss  is  then  in  the  condition  as  shown  in  Pig. 
+  ,  each  half  being  considered  as  a  simple  span. 

The  reactions  are,  as  in  a  simple  beam,  equal  to  half  the 

load; 


1*. 


^ 


Rl  =  R2  «  R3  -  %  =  §1-Z%JL£ 

=    2)4-3.75  kips 

Case  V*      The  live  load  is  considered  to  be  the  same  as  in 
Case  III.      The  truss  is  in  the  condition  as  shown  in  Fig.  5. 


Fig.  5. 

As  the  live  load  advances,  by  pane 13  from  the  left  end 
support,  the  reaction  Ri  has  values  as  follows: 


Load  at         Li  L2  Li|  L5 

Rl  =    +36.5      +89.9     +130.0     +158.0      +173.3  +182.2 
The  advancing  loads,  a3  well  as  the  stationary  loads,  are 
each  considered  as  concentrated  loads  at  the  panel  point.  They 
are  equal  to  81. 25  Kips. 

In  Table  IV  is  given  the  tabulated  stresses  for  each  mem- 
ber as  calculated  for  the  different  conditions  of  loading.  These 
stresses  do  not  include  impact. 
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Art..  2.    Lateral  and  Transverse  Systems. 

The  wind  load  for  which  the  laterals  are  to  be  designed 
varies  in  practice  from  20  to  50  pounds  per  square  foot  of  exposed 
surface  taken  when  a  train  of  car3  is  crossing  the  bridge.  Most 
standard  specifications  designate  the  force  to  be  considered  in 
pounds  per  linear  foot  of  span.      Safe  values  for  the  wind  forces 
thus  considered  are::  for  the  bottom  lateral  bracing,  600  pounds 
for  each  linear  foot  of  span,  ^50  pounds  of  this  to  be  treated  a3 
a  moving  load,  and  as  acting  on  a  train  of  cars  at  a  line  6  feet 
above  the  base  of  rail;  and  for  the  top  lateral  bracing  200  pounds 
for  each  linear  foot..      The  skeleton  diagrams  of  the  upper  and  low- 
er lateral  systems  are  shown  in  Figs..  6  and  7  respectively. 
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The  best  specifications  for  bridges  require  the  lateral 
as  well  as  the  transverse  bracing  to  be  made  of  members  capable  of 
resisting  both  compression  and  tension  so  as  to  secure  greater  lat- 
eral stiffness..     Since  stiffness  is  very  desirable  in  swing  bridg- 
es the  bracing  will  be  of  members  designed  to  take  reversal  of 
stresses ► 

The  analysis  of  stresses  in  the  lateral  systems  is  made 
in  the  same  manner  as  for  any  simple  span  truss,  and  will  not  be 
given  in  this  thesis.. 

TRANSVERSE  BRACINGS.      The  function  of  the  transverse 
bracing  is  to  stiffen  the  end  po3ts  against  vibrations,  and  to  as- 
sist them  in  transferring  the  wind  pressure  from  the  upper  lateral 
system  to  the  supports  of  the  bridge.      The  form  of  the  portal  is 
determined  for  the  most  part  by  the  depth  available  after  allowing 
for  the  necessary  clearance.      In  practice  the  form  of  the  portal 
is  decided  upon  by  arbitrary  choice.      It  is  desirable  that  all 
members  be  designed  to  talce  both  compression  and  tension.. 

For  the  bridge  now  under  design  portals  will  be  used  at 
Ul  U]_,  and  transverse  bracing  at  U5  U5    and  Uy  U7 ^      Skeleton  dia- 
grams of  the  portals  are  shown  in  Fig*  8,  9,  and  10. 
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U/  u7  U3 


19. 


Art.  3.    Floor  Systems ► 

The  floor  system  consists  of  floor  beams  and  stringers,, 
the  latter  supporting  the  cro33-ties  on  their  upper  flanges.  The 
stringers  will  be  considered  first. 

Stringers  for  2  5-poot  Panel.      The  dead  load  on  one  string- 
er is  the  weight  of  the  stringer  and  the  weight  of  the  track.  The 
stringer  will  weigh  six  to  eight  times  its  length  per  foot.  Using, 
seven,  the  stringer  weighs: 

25  x  7  or  175  pounds  per  linear  foot. 
The  trade  will  weigh'  about  300  pounds  per  foot  of  stringer,  or  a 
total  dead  load  of: 

175  +  300  =  ^75  pounds  per  linear  foot. 
The  maximum  end  shear  due  to  dead  load  i3: 

H75  x  23    _  ^9,|0  poundg< 

The  maximum  end  shear  due  to  live  load  as  taken  from  Table 
I  in  Cooper's  Specifications  is  1^2,000  pounds,  giving  a  total  end 
shear  of: 

1*12,000  +  5,9^0  =  73)970  pounds. 
The  maximum  moment  due  to  dead  load  is: 

lL5_x_25.2  =  37,200  pound-feet.. 
The  maximum  moment  due  to  live  load,  as  taken  from  Table  I, 
Cooper's  Specifications,  i3  762,500  pound-feet,    giving- a  total  max- 
imum moment  of: 

762,500  +  37,200  m  399>850  pound_feet. 

Stringers  for  16-Foot  Panel.      In  the  same  manner  as  for 


'- 


the  25-foot  panel,  the  maximum  end  shear  and  maximum  moment  for  the 
16-foot  span  are  found  to  be: 

Maximum  end  shear  =  55,025  pounds,  and 
Maximum  moment  =  182,600  pound-feet* 
Intermediate  Floor  Beams,      The  effective  length  of  a  floor 
beam  is  assumed  to  be        the  distance  centre  to  centre  of  trusses, 
or  16  feet.      The  stringer  concentrations  are  8  feet  apart  and  4 
feet  from  centre  of  trusses.      The  weight  of  the  floor  beam  is  as- 
sumed to  be  4,000  pounds,  which  is  a  distributed  load.      The  dead- 
load  concentrations  from  stringers  are  each: 

^75  x  25  =  11,875  pounds.. 
The  live  load  concentrations  from  stringers,  which  are  equal  to  the 
maximum  panel  concentration,  are,  as  taken  from  Cooper '3  equivalent 
uniform  loading,  189,000  pounds  each,  giving  as  a  total  concentra- 
tion for  stringers: 

189,000  +  11,875  =  200,875  pounds.. 
With  these  values  the  maximum  end  shear  and  maximum  moment  are: 
Maximum  end  shear  =  101,437  pounds,  and 
Maximum  moment  =  4-05,750  pound-feet » 
End  Floor  Beams,      The  effective  length,  and  the  location  of 
stringer  concentrations  are  the  oame  as  for  intermediate  floor 
beams.      The  weight  will  be  assumed  as  2,500  pounds.      The  dead 
load  concentrations  from  stringers  are  in  this  case: 

1+75  x  £5  or  5,9^0  pounds „ 
2 

The  live  load  concentrations  are,  determined  as  before,  94,500 
pounds;  giving  a3  a  total  concentrated  load, 
94,500  +  5,940  =  100,440  pounds. 


» 


From  these  loads  the- maximum  end  3)iear  and  maximum  moment  are: 

Maximum  end  shear  =  50,8^5  pounds,  and 
Maximum  moment  =  203,380  pound-feet. 
The  shears  and  moments  determined  above  do  not  include  im- 
pact . 

Art.  4-..    Drum  and  Rollers, 

Swing  bridges  are  divided  into  three  classes  according  to 
the  three  methods  of  carrying  the  load  at  the  centre  pier.  They 
are:  center-hearing,  rim-bearing,  and  a  combination  of  the  two. 

The  center-bearing  type  requires  less  power  to  turn,  has  a 
smaller  number  of  moving  parts,  is  less  expensive  to  construct  and 
maintain,  and  is  not  so  materially  effected  by  irregular  settlement 
of  the  pier.      They  are  best  adapted  to  short  span,  single-track 
bridges.      On  the  other  hand  the  rim-bearing  type  gives  a  greater 
turning  surface  thereby  balancing  the  bridge  better  while  turning, 
gives  a  better  distribution  of  loads,  and  hence  a  less  wear  of  turn- 
ing parts.      The  additional  power  required  in  turning,  when  compared 
with  the  center-bearing  type, is  comparatively  small  if  power  is 
used.     They  are  better  adapted  to  long  single-track,  and  all  double, 
or  four-tracx  bridges.. 

By  combining  the  two  types  the  objections  to  each  can  be 
overcome  by  a  small  addition  to  the  first  cost.      It  is  well  to  de- 
sign the  rollers  under  the  drum  to  carry  some  definite  portion  of 
the  load. 

The  character  of  the  foundation  and  masonry  of  the  pier 
must  often  determine  the  type  chosen,  as  a  settlement  is  most  ob- 


jectionabie  in  the  rim-bearing  type..     Also  it  is  well  to  .remember 
that  additional  provisions  are  necessary  to  carry  the  live  load  in 
the  center-bearing  type.      This  is  usually  done  by  wedging  at  each 
side  of  the  pivot..      In  the  rim-bearing  type  the  rollers  take  the 
live  load- 

A  combination  of  the  two  types  will  be  used  in  this  design. 
The  maximum  dead  load  on  the  centre  pier  is,  as  determined 
in  Case  I,  Art.  1, 

k  x  159.5  or  638.O  kips. 
The  maximum  live  load  on  the  centre  pier  is,  as  determined  in 
Case  III,  Art.  1, 

1+  x  305.0  or  1220.0  kips. 
The  drum  proper  is  a  circular  girder  18  feet  in  diameter. 
The  load  is  transferred  from  the  trusses  to  two  loading  girders  di- 
rectly under  the  two  floor  beams,  and  these  loading  girders  trans- 
fer the  load  to  two  cross  loading  girders  which  are  supported  on 
the  centers  of  four  intersecting  girders  framed  into  the  radial 
girders  which  in  turn  distributes  the  load  betv/een  the  circular 
girder  and  the  centre  pivot,  as  3hown  in  Fig.  11. 


Fig.  11.    Diagram  of  Turntable. 
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Loading  Girders,      The  trusses  rest  on  the  extremities  of 
the  loading  girders  which  rest  on  supports  7.81*  feet  centers.  The 
weight  of  the  girder  is  assumed  to  be  500  pounds  per  linear  foot. 
The  dead  load  tru3S-concentrat ions  are  each: 

'  =    159,500  pounds. 

The  live  load  truss-concentrations  are: 

1,220,000 

_2 — -J  =  305,000  pounds. 

The  maximum  shear  is  just  outside  the  points  of  support,  and  equals: 
Dead  load  shear  =  159,500  +  ( 500  x  4.08) 

=  161,500  pounds. 
Live  load  shear  =  305,000  pounds, 
impact  =  IP^-OOO2 


305,000  +  161,500 
=  200,000  pounds. 
Total  shear  =  666,500  pounds. 
The  maximum  moment  is  at  the  point  of  support,  and  is: 

For  dead  load  =  (  159,500  x  4.08)  +  l°-°_|.-ii^^2 

=  6*12,000  pound-feet. 
For  live  load  =  305,000  x  i*.08 


Impact  = 


=  1,244,000  pound-feet. 
1.244.0Q02 


1,21*4-,  000  +  6^2,000 


=  820,000  pound-feet. 
Total  moment  =  2,706,000  pound-feet.. 
Gross  Loading  Girders.      The  loading  girders  transmit  their 
load  to  the  cross  loading  girders  at  their  extremities..      The  cross 
girders  rest  on  supports  7.81*  feet  centers.      The  loads  are  the 
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same  as  for  the  loading  girder  with  the  addition  or  the  weight  of 
the  girder  to  the  loads.      The  shears  are: 

Dead  load  =  161,500  +  ( 500  x  4.03) 
-  163,500  pounds. 

Live  load  =  305,000  pounds. 

impact  =   ?q5»qqq2  

305,000  +  163,500 

=  199,000  pounds „ 
Total  shear  =  667,500  pounds. 
The  maximum  moments  are: 

For  dead  load  =  (161,500  x  4.08)  +  l^iL^i^S2 

=  663,000  pound-feet.. 
Live  load  =  305,000  x  4. OS 

=  1,244,000  pound-feet. 

impact  =   M*»iW*  

1,24-4,000  +  663,000 

=  312,000  pound-feet.. 
Total  moment  =  2,719,000  pound-feet.. 
Intersecting:  Girders..     The  intersecting  girders  are  support- 
ed at  the  ends  and  carry  the  cross  loading  beams  on  their  centers- 
The  length  of  the  intersection  girder  is  4.59  feet.      The  weight 
will  tie  assumed  as  250  pounds  per  linear  foot.      Hence  the  dead 
load  concentration  is: 

159,500  +  +  250  x  4.59  =  169,000  pounds. 

The  live  load  is,  305,000  pounds. 
The  maximum  shear  is: 


* 


25. 


Dead  load  shear  =  ^1^999 

2 


=  8^,500  pounds- 


Live  load  shear  =  225.i9.92 

2 


Total  shear 
The  maximum  moment  is: 

For  dead  load 


=  152,500  pounds- 

impact  =   152,5002  

152,500  +  8^,500 

=  97,800  pounds.. 

-  335,200  pounds. 

169; 000  x  ^.59 
=  19^,800  pound-feet 


Live  load  = 


Impact  = 


305,000  x  ij.59' 

350,000  pound-feet. 
350, QOQ2  


350,000  +  19^,800 
=  22i+, 200  pound-feet.. 
Total  moment  =  769,000  pound-feet. 
Radial  Girders.      The  radial  girders  have  a  span  of  9  feet 
with  the  load  applied  3  feet  from  one  end  and  6  feet  from  the  other 
end  ► 

The  concentrated  load  is  equal  to  the  end  shear  or  reaction 
of  the  intersecting  girders,  and  is  335,200  pounds.. 
The  maximum  shear  is: 

335,200  x  6/9  =  223,500  pounds.. 


4» 
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The  maximum  moment  3  s: 


223,500  x  3 


=  670,500  pound-feet. 


Circular  Girder. 


The  circular  girder  is  56.6  feet  in 


length  with  loads  applied  at  eight  equidistant  points,  and  rests  on 
rollers  close  together  beneath.      It  will  be  sufficiently  accurate 
to  consider  it  as  a  continuous  girder  over  eight  supports,  with  a 
uniform  load.      The  load  concentration  wnich  is  223,500  pounds,  be- 
comes the  reaction.      Hence  the  maximum  shear  is  223,500  pounds, 
and  the  maximum  moment  is: 


Rollers  and  Center  Pivot. 

Total  load  on  center  pier  =  1,858,000  pounds. 
Total  load  on  rollers    =  2/3  x  1,858,000 

=  1,238,666  pounds. 
Total  load  on  pivot    =  1/3  x  1,858,000 

=  619,333  pounds. 
Assuming  the  rollers  to  be  18  inches  in  diameter,  the 
permissible  load  per  linear  inch  is: 

1,200  YiW   =  5,090  pounds, 
and  the  total  bearing  length  of  rollers  required  is: 


The  load  per  square  inch  on  the  center  pivot,  when  the 
bridge  is  swinging, should  not  exceed  2,000  pounds.      Then  the  bear- 
ing area  required  is: 


223,500  x  7.07 
8 


=  197,^00  pound-feet. 


2,000 


310  sq.  inches. 
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VII.     DESIGN  OF  SECTIONS. 

From  the  maximum  and  minimum  stresses  the  section  of  the 
members  are  determined.      For  members  subject  to  alternate  stresses 
of  tension  and  compression  eight  tenths  the  least  stress  is  added 
to  the  greatest  stress  for  use  in  the  determination  of  the  section- 
al area* 

For  members  talcing  tension  only  a  unit  stress  of  15,000 
pounds  per  square  inch  is  used.. 

For  members  taking  compression  only  a  unit  stress  of  P 
pounds  per  square  inch  is  used  where  P  =  16, 000  -  70  1/r.. 

For  members  taking  alternate  stresses, if  the  maximum 
stress  is  of  compression, a  unit  stress  P  pounds  per  square  inch  is 
used,  where  P  =  0.75  (  16,000  -  70  1/r);-  if  the  greatest  maximum 
stress  is  of  tension  a  unit  stress  of  0.75  x  15,000  or  11,250 
pounds  per  square  inch  is  used.      This  will  be  increased  to  12,000. 

For  examples,  the  following  representative  designs  are 

given. 

Diagonals ..      Consider  the  member  14  U^.      The  maximum 
tension,  allowing  for  impact,  is  460, 600  pounds.      The  sectional 
area  required  is  460,600  /  15,000  or  31..O  square  inches.  Four 
eye-bars  8"  x  1"  give  an  area  of  32 .0  inches. 

Upper  Chord  Sections..      Consider  the  member       Uc..  It 
is  desirable  to  have  the  general  dimensions  of  the  upper  chord  sec- 
tions the  same  throughout.      The  depth  should  be  sufficient  to  pro- 
vide ample  clearance  for  the  heads  of  the  diagonal  eye-bars,  the 
maximum  of  which  is  19  inches.      This  will  require  a  depth  of  at 
iea3t  20  inches  for  the  chord.      The  width  between  web  plates 


2g.. 


should  be  about  1/8  the  width  of  the  web  plates..      This  gives  a 
width  between  plates  equal  to  7/8  x  20  or  17. 5  inches* 

Since  the  specified  unit  stress  involves  the  radiu3  of  gy- 
ration, an  approximate  value  mu3t  be  assumed,      A  convenient  rule 
makes  r  =  4d,  where  r  is  the  least  radius  of  gyration,  and  d  the 
depth  out  to  out.      This  depth  is  estimated  to  be  20.63  inches, 
which  makes  r  equal  to  8.25  inches.      Then  1/r  is  equal  to  36JI 
inches.  Then 

P  -  0.75  (16,000  -  70  x  36.10 
=  10,000  pounds  per  square  inch.. 
And  the  required  sectional  area  is: 

^T0^^"§"D  ~  1+5,0  3(luare  inches. 
An  approximate  section  was  investigated  and  found  to  be  satisfac- 
tory.   The  composition  of  the  section  is  as  follows: 

1  cover  plate  2k1'  x  J"  =12.0  square  inches 

2  top  angles  3"  x  k»  x  7/16"  =  5.8  ■  " 
2  bottom  angles  x  k"  x  |"  =  7.5  "  " 
2  web  plates  20"  x  £"  =20.0      "  " 

Total  =  45.3  square  inches 

Lower  Chord  Sections.      Consider  the  member  Li\.  L5.  Since 
the  greatest  maximum  stress  is  of  tension,  the  unit  stress  to  be 
used  is  12,000  pounds  per  square  inch.      The  required  sectional 
area  is: 

1+00,000  /  12,000  =  33.3  square  inches. 

The  section  is  composed  of: 

2  web  plates  20"  x  5/8"    =    25. 00  square  inches 

1+  angles  3"  x  3"  x  9/10"  =    12.2k        »  " 

37.24  square  inches 


* 


0 
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37. 21!  square  inches 
8  rivet  holes  |*  diameter  =    3.32      *  " 

Net  sections    =  33.72  square  inches. 
The  section  was  investigated  for  compression  and  found  to  be  suffi- 
cient , 

Section  of  Posts..      Consider  the  member  U]|  Li|.  Since 

l/r  can  not  exceed  100,  r  can  not  be  less  than  3.2  inches.  The 

maximum  width  that  can  be  used  to  make  connection  with  the  upper 

chord  is  15  inches.      The  minimum  unit  stress  is: 

P  =  0.75  (16,000  -  70  ) 

52 

=  7,000  pounds  per  square  inch. 
The  maximum  section  is: 

^"oTo'°  =  35,3  s(luare  inches. 
If  two  15-inch,  U5-pound  channels  are  used,  the  unit  3 tress  is: 

P  =  0.75  (16,000  -  70  M2~. .) 

10. 6H- 

=  9,600  pounds  per  square  inch. 
And  the  required  sectional  area  is: 

=  26.1  square  inches. 

9,600 

The  area  of  the  two  channels  is  26.^8  square  inches.  These  chan- 
nels are  placed  with  flanges  turned  inward.  The  distance  back  to 
back  for  equal  moments  of  inertia  is  11.81  inches. 

Transverse  and  Lateral  Bracings.      The  transverse  bracing 
is  chosen  rather  than  designed.      They  will  be  given  the  maximum  al- 
lowable depth..     Heavier  angles  are  used  than  the  stresses  require, 
since  rigidity  is  the  important  consideration. 

The  members  of  the  lateral  bracings  are  designed  from  the 
stresses  calculated,  unless  the  section    thus  determined  gives  mem- 
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bers  under  the  minimum  dimensions  allowed  for  such  sections  in 
standard  specifications. 

Floor-beams,  Stringers  and  Drum  Girders..      The  design  of 
the  section  for  these  members  will  not  be  considered  in  this  thesis 
as  they  involve  only  the  problem  of  the  design  of  a  simple  girder 
section- 
Art.  5„    The  Stress  Sheet. 

The  general  dimensions  have  been  determined,  the  maximum 
and  minimum  stresses  have  been  computed,  and  the  sections  deter- 
mined.     This  information  should  be  put  in  convenient  shape  for 
use;  and  is  so  arranged  on  page  31.  the  stress  sheet. 


Portul  at  U, 


X 

X 

a-AjWi  Hi 

/a'  o" 

Transverse  Bracing 
at  us 


4.)    fi  »  I  «« 


Z„  +    ?*cw  +  39.3O0    Lt    +  ^0.800  Lm  +H7.500    L*  +185.  OOO  L.  +156,000  A  i- 156,000     l^-wW' W        a -web  Pis  ZO"x  V  2-PlS?0Ks/t 3  a •-His Zd\*d      e  fts  c>6*  +8     ZP/iJuUri     <!  H/i  SOU  ttii 

-850,000  -370,700  -398,000         -330,100  -252,000  -3/6.000         -316,000  &  -  JS  3  X  3  X 'Vll  4-/JJj(3x'*/lt  AM  3*2H*/&     0.-0  J'  3t  'fit,      A  -/*  J' J*  'fe      4  0  J V  ft  V/» 


Of  (/, 


■  ZOOO  lbs  per  Ft 

-  Cooper's  £  50 


Bottom  Laterals 


To/?   Late  ro/s 


STRESS-SHEET 


VIII.  DEFLECTIONS* 

Art.  6.    Dead  Load  Deflections.. 

The  deflection  of  the  draw  span  due  to  its  own  weight  i3 
needed  in  arranging  the  levels  of  the  bridge  seats.      Table  V  gives 
the  tabulated  results  as  calculated.      The  summation  of  STL/AE  is 
the  total  deflection  at  the  swinging  end. 

TABLE  V* 


Dead  Load  Deflections. 


:    Member  ; 

!  0 

Pounds 

»             T  < 

:     Inches  ; 

:     T  : 

Pounds  : 

Cq.  In* 

r»     m     T  < 

0   I  L 

A  ; 

;   UX  U2 

;   -  8,000 

;      302. 6+ 

0.86  ; 

3^.60 

:    53,900  j 

:  u2  u3  • 

;   -  33, +00 

!  11 

1.5+  ' 

M.10 

:    378,100  ; 

:  u3 

;  -  71, +00 

!  t> 

2.09 

:      +5.26  ; 

996,000  ; 

;  -117,700 

;  h 

2.56 

+5.26  : 

;2, 012, 000  ; 

:    U5  U6  ! 

;  -301,000 

I         11  . 

3.5+ 

1+0.00 

:8, 065, 000  i 

1  u6  u7  : 

;  -301,000 

!          it  I 

3.5+  ■ 

40.00  : 

8,063,000  ; 

:  u7  ug  - 

-2  98,000 

192.0 

3.50 

1+0.00 

•5,010,000  ] 

:  l0  Li 

:  +  7,900 

300.0 

+ 

0.85 

22.12 

:    91,200  ; 

*.    Li  L2 

•  +  33,100  ; 

',  11 

:  + 

1.52 

33.++  : 

1+52,000  ; 

:  l2  L3 

;   +  70,800 

ti 

+ 

2.08 

;       38 .  +'+ 

:i, 1+9,000  : 

:    L3  L+ 

+117,300 

11 

:  + 

2.53 

36.00 

;  2, 1+80,000  ; 

!    Li|  L5 

+172,000 

11 

:  + 

2.92 

3+.76 

•  +  ,31+0,000  ; 

:    L5  L6  ; 

+156,000  ■ 

11 

+ 

2.86 

37.21+  • 

:3, 595, 000  ; 

!  ^  L7  : 

+156,000 

!  ii 

2.86 

;  37.21+ 

'3,595,000  ; 

r 
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Table  V,  (Continued). 


:  Member 

;  s 

'  Pounds 

:  l 

!     In ones 

:  T 
!  Pounds 

:  a 

J    Sq.  In. 

:  STL 
:  A 

j.  +2  98,000 

:  192.0 

!  + 

3.36 

:  45.26 

:  4,245,000 

:  -  12,300 

\  468.60 

».  — 

1.31 

1  45.26 

166,600 

:  li 

u2  ; 

:  -  in, soo 

\     1+99  •  92 

■  — 

1.12 

\  10.00 

\  2,340,000 

l2 

Ul 

I  +  34,500 

!  468.60 

— 

—  —  — 

\  22.50 

,     —      — 

:  L'2 

u3  . 

:  -  71,200 

:  532.44 

0.98 

:  16.50 

j  2,250,000 

:  L3 

u2  : 

|  +  54,200 

:  499.92 

_  _  _ 

1.50 

—  —  —  — 

;  ^ 

-  88,000 

!  566.04 

— 

0.87 

24.00 

.  1,808,000 

•  L4 

u5  : 

'  -111,000 

;  600.36 

— 

0.77 

32.00 

"  1,602,000 

L5 

X 

-  21,200 

'  396.96 

+ 

0.03 

26.52 

95, 000 

I  U5 

x  : 

+208,300 

•  11 

+ 

0.83 

60. 36  : 

1,135,000 

*  L7 

X  : 

+188, 000 

ti 

:  + 

0.85) 

65.26  ; 

971,000 

Li  : 

+  l+,500 

:  360.00 

:  + 

0.89 

23.52 

197,000 

u2 

L2  : 

+  36, 100  : 

400.00 

+ 

0.80  : 

20.  58 

562,000 

u3 

L3  ; 

•  +  56,200  . 

440.00  : 

+ 

0.73  ; 

29.42  • 

6l4, 000 

Li^  j 

+  68,800  : 

480.00  ; 

+ 

0.67  : 

32.36  : 

684,000 

TT 

u5 

L5  j 

-     B  200  ' 

S20  00 

+ 

0 . 02  : 

32  00 

u6 

x  : 

■  +     6,000  ; 

300.00  ; 

3.86  : 

:  16 

x  : 

-  19,000  : 

260.00  * 

_  — .  , 

10.00  • 

-    -    -  - 

U7 

1 

L7  : 

+  13,000  ! 

600.00  ; 

22.90  : 

<  S  T  L  _ 
^  A 

56,958,700 

A  - 

56,958,700 
29,000, 000 

1.96  inches 

3>+ 


Art,.  6.     Camber  Deflections. 

When  bridge  trusses  are  erected  they  are  cambered  so  that 
under  maximum  load  the  panel  points  of  the  lower  chord  shall  not 
fall  below  a  horizontal  line  joining  the  panel  points  at  the  sup- 
ports..    This  camber  is  secured  by  shortening  the  tension  members 
by  an  amount  equal  to  the  elongation  due  to  maximum  3tre33e3.  The 
compression  members  are  lengthened  in  a  similar  way. 

The  change  in  length  ^  of  any  member  of  a  truss  resulting 
from  given  stresses  is  given  by  the  formula 

A       A  E  ' 

in  which  L  is  the  length  of  the  given  member,  A  the  area  of  it 3 
cross-section,  E  the  coefficient  of  elasticity  of  the  material,  and 
P  the  total  stress  in  the  member..      E  is  talcen  as  29,000,000  pounds. 
Table  VI  gives  the  value  of  ^  for  each  member  of  the  bridge,  as 
calculated  for  dead  and  live  loads.      The  deflection  is  shown 
graphically  in  Fig.  12. 


TABLE  VI. 
Camber  Distortions.. 


k 
k 

:  Member 

:      D  L 
:  Stress 
:•  lbs. 

A 

;  inches 

:      L  L  : 
:  Stress 
:  lbs. 

X 

•  inches 

:  Total 
A 

;:  inches  , 

:  Total 
:  Camber 
:  Allowance 

:  U]_ 

U2 

:  -  8,000 

:  -0.002 

:  +179,500 

:  +0.0+9 

:  +0.066  : 

+0.105  : 

+  1/16" 

:  U2 

u3  j 

-  33,000  ; 

,  -0.008  ; 

'  +259,200 

:u3 

:  -  71, +00  : 

:  -0.017 

!  +270,500 

:  +0.062  : 

+0.091  ; 

+  1/16" 

:  Ui> 

U5 

:•  -117,700  : 

-0.027  ■ 

:  +229,300  ; 

+O.053  : 

35. 


Table  VI.  (Continued). 


Member  : 

;:      D  L 
:  Stress 
lbs. 

:  A 

:  inches 

:       L  L 

:  Stress 
:  lb3. 

:  X 

j  inches 

:  Total 
X 

:  inches 

Total  : 
:  Camber  : 
:  Allowance. 

us  u6  : 

-301,000 

:  -0.079 

:  -220,000 

•  -0.057 

:  -0.136 

;  — 

1/8"  : 

u6  u7  ; 

•  -301,000 

!  -0.079 

;  -220,000 

:  -0.057  1 

:  -0.136 

;  — 

1/8"  : 

U7  Ug  : 

•  -2  98,000 

:  -O.O49 

!  -218,000 

:  -0.036  • 

:  -0.085. 

;  — 

1/16": 

:  +  7,900 

::  +0.004  ; 

:  -177,500 

-0.083  : 

;  -O.079 

;  — 

1/16": 

Li  Lp  : 

:  +  33,100 

+0.010 

;  -258,600  , 

;  -0.080  : 

:  -0.070 

;  — 

1/16": 

+  70,800 

:  +0.019 

-269, 800  : 

:  -0.073  : 

-0.054 

— 

1/16" : 

L3  14  : 

+117, 500 

:  +0.034 

:  -228,000  . 

-0.066 

Li|  L5  : 

:  +172,000 

:  +0.051 

:  -145,600  ; 

-O.O43  : 

+156,000 

:  +O.O43  : 

-207,200  ; 

-O.058  : 

L6  L7  : 

:  +156,000  : 

.  +O.O43  • 

-207,200  : 

-0.058  ; 

L7  Lg  : 

•  +298,000  ! 

;  +0.044  ! 

-107,000  ; 

-0.015  s 

+0.029 

■  -  12,300  : 

-0.004  ! 

-  +276,800  : 

+0.099  : 

+0.095  : 

+ 

1/8"  : 

L-,  U2  : 

:  -  '+1,800  ! 

-0.072  ! 

:  -0.072  ; 

1/16": 

L2  ux  : 

-143,000  : 

-0.103  • 

-0.103  ; 

1/16": 

12  U3  i 

•  -  71,200  . 

-0.079  : 

-0.079  : 

- 

1/16": 

-  25,000  ■ 

-0.288  : 

-0.288  i 

1/8"  : 

l3  uu  ; 

-  88,000  : 

-0.072  ; 

-105,800  ; 

-0.086  : 

-0.158  : 

1/8"  : 

D+  U5  : 

:  -111,000  ; 

-0.072  ; 

-186,400  ; 

-0.120  ■ 

-0.192  i 

1/8"  : 

L5  x  : 
Us  X  : 
L7  X  : 
UX  Li 
u2  L2  : 

Ufc  14  : 
us  L5  : 
u>  x  : 
4  x  : 
U7  L7  : 

•  -  21,200  : 
+208,300  , 
+188,000  , 
+  14,500  . 
+  36,100  : 
+  56,200  ; 
+  68,800  . 

:  -     %  200 
+    6,000  : 

:  -  19,000  : 
+  13,000  : 

:  -0.011  : 
+O.O47  : 
+0.039  - 

.  +0.008  : 
+0.024  : 
+0.029  : 

+0.035  : 
-O.029  ; 
+0.016  . 
:  -0.017  : 
+0.012  : 

+  98,000  ; 
+252,000  : 
+416.000 
-189,500  : 
-147,600  ; 
-111,600  : 

-  79,500  : 

-  74,000  : 

-  81,300  : 
+  40,500  : 

+0.051  : 
:  +0.058  ; 

+0.082  ; 
:  -0.100  : 

-0.099  : 
-0.058  ; 
-0.041  : 
-0.041  : 

-0.074  : 
+0.037  : 

:  +0.040  : 
:  +0.105  ; 
+0.121  : 
-O.092  : 
-0.075  : 

-0.070  : 

-0.091  : 
+0.049  : 

+ 
+ 

1/16"; 
1/16": 
1/16": 
1/16":: 

1/16" : 

1/16" : 
1/16": 
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Art,  8.    Deflection  Due  to  Temperature. 

The  elongation  of  a  member  clue  to  a  rise  in  temperature 
of  60  degrees  Fahrenheit  is: 

A  L    =  0.0000065  x  6o  x  L 

The  deflection  of  the  truss  due  to  this  elongation  of 
members  is  given  by  the  equation 

J)  =1ALT 

where  J)  is  the  total  deflection,  /\  L  the  increment  in  length,  and 
7"  the  stress  in  each  member  due  to  a  unit  load  on  the  swinging  end. 

Table  VII  gives  the  required  data  for  determining  the  de- 
flection. 

TABLE  VII* 
Deflection  Due  to  Temperature. 


Member  : 

Length 
Inches 

AL 

\  Inches 

T 

',  Pounds 

Ui 

u2  : 

302.  en- 

:  0.121 

:    -  0.86 

:      -  0.104- 

u2 

U3  j 

II 

:    -  1.5* 

-  0.187 

u3 

>•  II 

-  2.09 

-  0.252 

•  u> 

u5  ; 

II 

-  2. S6  : 

-  0.310 

:  u5 

*6  j 

II 

-  3.5'+  j 

:      -  0.1+26 

:  TI6 

"7  j 

II  1 

-  3.5*  : 

:       -  0.1+26 

:  U7 

192.0  : 

0.077  : 

:"    -  3.50  \ 

-  0.269 

;  lo 

LX  1 

300.0 

:       0.120  : 

+  0.35 

+  0.102 

:  Li 

L2  ! 

ti  < 

+  1.52  ; 

+  0.183 

L2 

i,3  ; 

< 

ti 

*  * 

< 

u  . 

+2.08  : 

+  0.250 
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Table  VII.  (Continued). 


Member  : 

Length 
Inches  ! 

Inches  \ 

~r~  \ 
/ 

Pounds  \ 

TAL 

Tj7  Lll 

:  300.O 

;:  0.120 

:  +2.53 

:    +  0.304- 

T.I,          T,  r- 

11 

c  ti 

::  +2.92 

:    +  0.353 

■"5  ub 

11 

>          11  . 

:    +  2.86 

:    +  0.34-4- 

L^  L-7 

11 

11 

+  2  .86 

:    +  0.34-4 

L7  La 

192.O 

0.  077 

+  3.  36 

:    +  0.258 

4-68 . 6 

0. 187 

-  1.31 

:    -  0.244 

Li  Uo 

499 . 92 

:  0.200 

:    -  1.12 

:    -  0.24.U 

:     L?  u* 

532  .4-4- 

:  O.213 

:    -  0.98  : 

:    -  0.208 

566.01+  ; 

:      0.240  ; 

:    -  0.87 

i    -  0.197 

Lii  Uk 

600. 36 

0.159 

-  o.77 

-  0.185 

Lc  T 

396 . 96 

0.159 

-  0.03 

:    +  0.005 

;       Up.     X  ; 

396.96 

:  0.159 

+  0.83 

:  +0.132 

;       L|     X  ; 

II 

:  0.159 

+  0.85  : 

:     +  0.135 

:     Ui    Li  : 

360. 0 

:      0.14-4  ; 

+  0.89 

:    +  0.128 

Uo  L? 

4-00.0  : 

0.160  ; 

+  0.80  ; 

+  0.128 

U-?  Lz 

3      3  ; 

440. 0 

0.176 

+  0.73 

+  0.128 

:     xi\    Li|  : 

480.0  ; 

!      0.192  : 

+  0.67  : 

•     +  0.129 

L5    L5  : 

520.0 

!      0.208  ; 

+  0.02 

+  0.004, 

:     U6    X  i 

300.0 

:  0.120 

I*    X  i 

260.0  : 

0.104  ; 

j  u7  l7  ; 

600.0 

:      0.2^0  ! 

D  =  £  TAL  =  -  0.105 inches 
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Art..  9.    Inelastic  Deflections. 

In  the  pin  connections  the  pin  holes  are  one  thirty- 
second  of  an  inch  larger  in  diameter  than  the  pins.      This  will 
cause  a  deflection  at  the  end  when  the  bridge  is  swinging..  The 
amount  of  this  deflection  is  determined  graphically  in  Fig.  13. 

Art.  10.     Combined  Deflections. 

Combining  the  deflections  as  calculated,  the  +  sign  be- 
ing used  to  denote  downward.  deflection- 
Dead  load  deflection       =  +  1.96  inches 
Camber  deflection  =  -  1.95  " 

Temperature  deflection    =  +  0.10  " 
Inelastic  deflection       =  +  0.06  " 
Resulting  deflection  =  +  0.17  inches. 

Art.  11.    The  Amount  of  Lift* 

The  ends  must  be  lifted  sufficiently  to  give  an  upward 
deflection  equal  to  the  total  deflection  or  0.17  inch..  To  a- 

void  hammering  under  partial  live  load  an  upward  force  equal  to 
the  greatest  negative  reaction  will  be  required. 

The  amount  of  upward  lift  produced  by  a  force  of  one 

pound  is 

d=  £  & 

E  A 

and  is  equal  to  0.00000237  inch.  For  the  resulting  end  deflection 
of  0.17  inch,  the  force  required  is, 

0.17  -r  0.00000237  =  71,700  pounds. 


Fij.  /3.  The  /ne/asf/c  Def/ect/on 


The  maximum  negative  reaction  results  when  the  one  arm 
only  is  loaded  with  live  load  and  is  30,600  pounds.      To  care  for 
this  the  upward  lift  must  be  at  least, 

30,600  x  O.OOOOO237  =  0.07  inch. 
The  maximum  end  reaction  is  279,168  pound3.      Allowing  a 
pressure  of  2,000  pounds  per  square  inch  on  the  wedge,  the  surface 
area  required  is, 

279,168  -r  2,000  =  1*10  square  inches ► 
The  force  necessary  to  push  the  wedge,  if  applied  direct, 
is  given  by  the  equation 

P  -  w  ( sin  a  +  u  cos  a) 
where  w  is  the  weight  to  be  lifted,  a  the  angle  of  the  wedge,  and 
U  the  coefficient  of  friction.  Hence 

P  =  71,700  (0.3987  +  0.1834) 
=  41,700  pounds 
the  angle  being  taken  as  25°-0'. 

Hydraulic  power  operated  by  hand  is  used  for  this. 
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IX.     OPERATING  MACHINERY. 

The  opening  of  a  swing  bridge  involves  four  operations. 
First,  turning  or  opening  the  bridge.      Second,  when  brought  back 
the  ends  must  be  "set  up"  or  raised.      Third,  the  bridge  must  be 
locked.      Fourth,  the  rails  must  be  aligned  with  those  on  the  fixed 
track. 

The  bridge  is  "set  up"  and  locked  by  hydraulic  power, 
whilst  the  rotation  of  the  bridge  is  carried  out  by  electric  power. 
This  combined  system  has  been  selected  in  preference  to  using  elec- 
tric power  exclusively,  since  it  is  largely  used,  especially  in  A- 
merica,  and  is  said  to  be  simpler  and  to  assure  more  certainty  of 
operation. 

Art.  12.     General  Methods  of  Design. 

The  consideration  of  the  design  of  the  operating  machin- 
ery must  be  governed  by  practical  experience  and  judgment  more  than 
by  scientific  calculations.      Tests  have  been  made  on  existing 
bridges  to  determine  the  resistance  to  be  overcome  and  the  effect 
of  the  time  element  on  the  power  required  for  operation.      The  pow- 
er required  to  operate  is  provided  in  one  unit  and  is  placed  as  near 
the  point  of  application  as  possible.      In  ca3e  the  operation  is 
frequent,  duplicate  power  is  provided.      The  "setting  up"  and  lock- 
ing of  the  bridge  is  usually  accomplished  by  hydraulic  power  operat- 
ed by  hand.. 

Art.  13.    Forces  to  be  Considered. 
The  resistances  to  be  overcome  in  turning  a  swing 
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bridge  are: 

1.  Resistance  due  to  friction; 

2.  Resistance  due  to  inertia  of  the  bridge; 

3.  Resistance  due  to  the  action  of  the  wind. 

1.  Resistance  Due  to  Friction.      The  frictional  resist- 
ance on  the  rollers,  as  determined  by  test3,  varies  from  0.001+  to 
0.008  of  the  load  on  the  rollers;  and  the  frictional  resistance  on 
the  pivot  vary  from  0.0}+5  to  0.09  of  the  weight  on  the  pivots 

2.  Resistance  Due  to  the  Inertia  of  the  Bridge.      The  pow- 
er required  to  overcome  the  inertia  of  the  swinging  mass  and  to  de- 
velop the  desired  velocity  depends  upon  the  time  allowed  for  open- 
ing and  closing  the  bridge.      Assuming  the  time  necessary  to  devel- ; 
op  the  required  acceleration  is  one  half  the  time  it  takes  to  open 
the  bridge,  the  following  approximate  formulas  may  be  applied  (Tak- 
en from  a  paper  by  C.  C.  Schneider,  pa3t  President  A.  M.  Goc.  C.  E.). 

P  =       W  p  • 
20.5  t2 

HP  =        *  ▼  ; 
550 

=    _Z_Pf_.  ; 
7,170  t3 

where  P  is  the  force  applied  to  the  center  of  gyration  necessary  to 
produce  the  required  acceleration; 

HP  =  Number  of  horse-power; 

W  =  Total  moving  weight  in  pounds; 

1  =  Length  of  bridge  in  f  eet  ; 

b  «  Width  of  bridge  in  feet; 

p  =  Radius  of  gyration; 

l/b2  +  i2 
'       12  ~ 


t  =  Time,  in  seconds  in  which  maximum  velocity 
must  be  obtained,  or  one  half  the  number  of 
seconds  required  to  open  the  bridge;  and 

v  =  Maximum  linear  velocity  at  the  center  of  gyra- 
tion in  feet  per  second 


2  t 

3..    Resistance  Due  to  the  Action  of  the  Wind.  Nothing 
but  arbitrary  assumptions  can  be  had  as  values  for  unbalanced  pres- 
sure of  the  wind  on  the  bridge  while  swinging.      It  has  been  the 
practice  of  several  good  engineers  to  take  tne  wind  resistance  as 
equal  to  the  frictionai  resistance.      Tests  have  proven  this  assump- 
tion to  be  a  safe  one. 

w  T>^ 

Substituting  in  the  formulae  HP  =  «tL—  ,  the  required 

7170 

power  to  overcome  the  inertia  of  the  bridge  under  design  is, 

HP  =  732,000  x  11236 
7170  x  453 

=  12.6  horse-power. 

The  power  required  to  overcome  the  frictionai  and  wind 

resistance  i3, 

HP  =  -*~v- 
550 

=    1658*+  x  0.31!* 
550 

=  9.5  horse-power. 
The  total  horse  power  required  is: 

12.6  +  9.5  =  22.1  horse  power. 
A  25-horse  power  motor  will  be  chosen- 

This  agrees  very  closely  with  an  arbitrary  rule  of  some 


engineers  of  allowing  one  horse  power  for  eacn  1?  tons  weight  to  be 
swung,  which  gives  horse  pov/er.. 

Art.  15.    General  Drawings* 

Fig.  lkt  15  and  16  show  the  general  arrangement  and  de- 
tails of  the  operating  machinery* 

In  Fig.  Ik  is  shown  the  details  of  the  roller  as  devised 
by  Theodore  Cooper.      The  canting  of  the  coned  wheels  so  that  the 
top  line  is  horizontal  prevents  the  imperfect  action  of  the  wheels 
commonly  resulting  from  any  distortion  in  the  bridge* 

Fig.  15  is  the  plan  and  elevation  of  the  center  drum  show- 
ing the  location  of  the  motors  and  the  plan  of  gearing  to  be  used. 

The  detail  design  of  the  operating  machinery  is  the  worfc 
of  a  mechanical  engineer  and  will  not  be  attempted  in  this  thesis.. 


Fig.  !4--Segtion  of  Roller 


Fig.  15 -Wedge  For  end  Lift 
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X.     ESTIMATE  OP  WEIGHT. 

The  estimate  or  the  weight  of  the  truss  a3  designed  is 
given  in  Tables  VII I  and  IX.      The  weight  of  the  details  of  the 
separate  members  is  taken  as  a  certain  per  cent  of  the  weight  of 
the  main  parts  member,  this  per  cent  varying  from  ten  to  twenty- 
five  depending  on  the  section  of  the  member* 

It  is  to  be  noted  in  Table  IX  that  the  dead  weight  per 
linear  foot  is  twenty-four  per  cent  greater  than  that  assumed,  and 
used  in  calculating  the  stresses.      However,  with  the  combinations 
of  stresses  used  it  is  very  probable  that  the  sections  chosen  are 
of  sufficient  strength  to  be  used  without  any  revision. 

TABLE  VIII. 

Estimate  of  Weight  of  Trusses. 


We  if 

;ht  Lbs- 

Weight  Lbs, 

>  • 

Member  : 

.  Main  : 
iMernber  : 

Details 

•  Total 

:  Member  : 

;  Main  : 
:Member  : 

Details ; 

:  Total  : 

L0  UX  . 

:  6016  : 

1500 

;  7516 

:    L2  L3 

3375  : 

;    506  : 

:    3881  : 

U-l  U2 

:  3315  : 

830 

:  4i45  : 

:     L3  14  : 

3275 

:    491  : 

3766  : 

u2  u3 : 

■  3533  : 

835 

:  4373 

!  3165 

475  : 

'    3640  : 

U3  U1+  ' 

:  3884  ; 

920 

:  4801+ 

:    L5  L6 

:  3275 

;  506 

j    3881  : 

vh  u5 

:  3884  : 

92  0 

4804 

::    L6  L7 

:  3275 

:  506 

:    3881  : 

U5  U6  ; 

:  3^35  : 

340 

:  3775 

:    L7  L8 

!  2597 

:    390  ; 

:    2987  : 

U6  U7 

■  3^35  : 

340 

:  3775 

:    Li  u2 

;  1416  ; 

:    I1*2  : 

•  1558 

2611 

261 

:  2872 

:    L2  ux 

•  2984  ; 

300  j 

3284  [ 

:    Lq  Li 

:  2095 

31* 

:  2409 

:    I*  U3  : 

;     2  490 

:  250 

2740  *: 

LX  L2 

:  3065  : 

J+60  ■ 

3525 

:    L3  U2 

:  106 

f     10  " 

116  : 

>+9. 


Table  VIII  (Continued). 


:           Weight  Lbs.. 

;            Weight  Lbs. 

:  Member 

Main 
:  Member 

^Details ' 

;  Total 

:  Member 

:  Main 
:  Member 

;  Details 

'  Total 

:    L3  Vu 

:  38>+2 

:    38*+  : 

:  1+226  : 

Ui  Li  ■ 

:  2100 

:    500  : 

2600 

:  5}+>+0 

:    550  s 

5990 

:    u2  L2 

:  2200 

:    550  : 

2750 

\   u5  X 

.  OO^O 

>•  t  inn  < 

>•     O  CZ.7  £.  < 

;  u3  l3 

O  O  "Z  c 

730 

:    L7  X 

:  8>+l6 

2100  ! 

•10516 

::  3600 

:  900 

1+500 

:    L5  x 

:  3010 

.  750 

!  3760 

:     U5  L5 

:  *+71l  : 

*+70  : 

:    5181  : 

;  u6x 

:    330  \ 

30  j 

390 

•    u7  *7  : 

:  5080 

760  : 

58^0 

:    L6  X 

:  m  \ 

75 

822 

Sum  total  =  126,500 


126,500  x  1+  =  506,000  pounds* 


TABLE  IX. 
Total  Weight. 


Member 

;  weight-lbs. 

-  Top  laterals  . 
Bottom  laterals  . 
Intermediate  bracing  . 

•  25-rt..  stringers 

•  16-ft..  stringers 
Intermediate  floor  beams 
End  floor  beams      .     .  • 

Total  . 
Total  for  main  members  ■ 

6,832 

13,99!+ 

8,776 
:  li+6,»+00 
:  131,110 
39,580 

:  50,793 

:  5,*+65 

1+02,950  : 
:  506,000 

Total  weight  on  drum 

908,950  : 

Weight  per  linear  foot 

2,5+80 

Assumed  weight  ber 

linear  foot  : 

2,000 

IJMfe  fllllili  &r 
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